Introduction
Survival to discharge from in-hospital cardiac arrest is between 16-20% globally (Cooper et al., 2006; Ebell and Afonso, 2011; Larkin et al., 2010; Peberdy et al., 2003; Sandroni et al., 2007) . Clinical features, including abnormal vital signs, often indicate patient deterioration in the hours prior to cardiac arrest (Buist et al., 2004; Franklin and Mathew, 1994) . These same indicators often precede severe adverse events and unscheduled intensive care admissions (McQuillan et al., 1998; Winters et al., 2007) . One Australian multi-centred prospective follow-up study (Hillman et al., 2002) reported that 60% of 551 patients requiring unscheduled ICU admission had documented life-threatening observations in the eight hours preceding admission.
Ward doctors and nurses are responsible for the care of increasingly complex patients, identifying signs of physiological deterioration and managing deteriorating patients (Hodgetts et al., 2002; Jones et al., 2011; Odell et al., 2009 ). Patients are more demographically diverse and patients with high dependency needs are now cared for on general medical and surgical wards (McGillis Hall and Doran, 2007) .
Ward nurses have been shown to have varying abilities to recognise, document, report and respond to physiological deterioration (Odell et al., 2009 ). Medical students and junior ward medical staff have also been shown to have significant shortfalls in the interpretation of the signs and symptoms of clinical deterioration (Smith and Poplett, 2002) . Similarly experienced doctors can be underprepared to respond to medical emergencies and acutely unwell patients (Frankel et al., 2004) .
For almost two decades Rapid Response Systems (RRS) have evolved to manage the prevention, recognition, and stabilisation of clinical deterioration (Winters and DeVita, 2011) . The impact of Medical Emergency Teams (MET) upon the incidence of mortality has been debated since the landmark work of Buist et al. in 2002 . During this time educational support for these systems has also developed to address the increasing demands upon potentially underprepared ward staff. These educational interventions have been applied nationally (Smith, 2003) , at regional level and locally (Buykx et al., 2011; Liaw et al., 2011) .
The efficacy of rapid response systems is topical, well documented and has been systematically reviewed (Odell et al., 2009; Ranji, 2007; Winters et al., 2007) . The effectiveness of educational programs that have been designed to prepare health professionals for using these systems has not received the same attention. This review aims to identify: (i) the evidence supporting educational effectiveness in the recognition and management of the deteriorating patient and (ii) the outcome measures used to evaluate educational effectiveness.
Methods
A systematic search of the literature was conducted during January 2014. The search was conducted to identify peer reviewed quantitative, qualitative or mixed methods studies that measured the effectiveness of educating health professionals to identify and manage the deteriorating in-patient.
A 4 phase decision process including study identification, screening, eligibility and inclusion to the study was used (see PRISMA statement) (Moher et al., 2009 ) which is shown in Figure 1 .
Databases searched included CINAHL Plus, Medline, Embase, Cochrane, Proquest, ERIC, Scopus and the search engine Google Scholar.
An initial search to identify relevant keywords, subject headings and MeSH terms was carried out on the following terms:
• Training OR Education AND Deterioration (deteriorat*) This search yielded 6908 results. These articles were reviewed for further keywords and subject headings. The following searches were then performed on all databases.
• Training OR Education AND Deterioration (deteriorat*) All duplicates were then removed and the Major Subject Headings were identified from the initial search and used to narrow the results. The abstracts of the remaining 794 results were read to identify any potentially eligible studies applying the following inclusion criteria:
• peer reviewed
• published between 2002 -January 2014
• available in English language
• abstract available
• address the effectiveness of education in identifying and managing the deteriorating in-patient
• examine education provided to health professionals INSERT FIGURE 1. HERE The author and a second reviewer (JJ) read the resultant 47 studies. The second reviewer again applied the inclusion criteria. If there were conflicting opinions in the inclusion or exclusion of studies, the paper was discussed and the inclusion and exclusion criteria was re-applied. If the discrepancy was not resolved, expert third party (SC) opinion was sought. The process produced 23 studies for inclusion in the review. 26 studies were excluded. Some examples of the reasons for exclusion were:
• The study investigated the learners' perception of the education program and not the effectiveness of intervention
• The study was designed to evaluate the tool used in measuring the participants' knowledge or confidence • The paper simply described the implementation of an education program with no evaluation of effectiveness
• The study compared the application of specialised skills following two different modes of education The remaining studies (n=23) were categorised by overall study methodology.
The categories included quantitative, qualitative and mixed methods. Data for each study is presented at tables 1, 2 and 3. The quality of the studies was evaluated based upon generalisability, reproducibility, relevance to the setting, appropriateness of sampling (size and methods) to study aim, risk of bias, use of validated measurement tools and appropriateness of the outcome measures. These quality indicators were guided by the Evaluation Tool for Quantitative Research Studies (Long et al., 2002b) , Evaluation Tool for 'Mixed Methods' Study Designs (Long et al., 2002a) and the Critical Appraisal Skills Programme (CASP, 2014) tool for the evaluation of qualitative research.
Results
The review included twenty quantitative studies (Buckley and Gordon, 2011; Cooper et al., 2013; Crofts et al., 2006; Crofts et al., 2007; Featherstone et al., 2005; Fuhrmann et al., 2009; Gordon and Buckley, 2009; Harvey et al., 2014; Jones et al., 2006; Kelly et al., 2013; Kinsman et al., 2012; Lewis, 2011; Liaw et al., 2011; Liaw et al., 2013; Lindsey and Jenkins, 2013; Ludikhuize et al., 2011; Sittner et al., 2009; Smith and Poplett, 2004; Straka et al., 2012; Theilen et al., 2013) , two mixed methods (Hart et al., 2014; Wehbe-Janek et al., 2012) and one qualitative study (Unsworth et al., 2012) . The study designs of the quantitative studies were predominantly quasi-experimental and prospective interventional with one time series analysis of patient records (Kinsman et al., 2012) . There was also one randomised control trial (Liaw et al., 2011) .
The mixed methods studies used a descriptive exploratory design of the qualitative data and a quasi-experimental model for the quantitative data (Hart et al., 2014; Wehbe-Janek et al., 2012) . The single qualitative study used focus groups and participant observation to investigate the role and effectiveness of simulation in developing mental health nurses' ability to recognise and respond to patient deterioration (Unsworth et al., 2012) . All studies had a focused research question except for Wehbe-Janek et al.
(2012).
Effectiveness of the education program was measured using three types of outcome: learner outcomes, patient outcomes and system outcomes.
Nineteen studies (Buckley and Gordon, 2011; Cooper et al., 2013; Crofts et al., 2006; Crofts et al., 2007; Featherstone et al., 2005; Gordon and Buckley, 2009; Hart et al., 2014; Harvey et al., 2014; Kelly et al., 2013; Kinsman et al., 2012; Lewis, 2011; Liaw et al., 2011; Liaw et al., 2013; Lindsey and Jenkins, 2013; Ludikhuize et al., 2011; Sittner et al., 2009; Smith and Poplett, 2004; Straka et al., 2012; Wehbe-Janek et al., 2012 ) measured the intervention's impact on perceived or real knowledge or performance, nine (Cooper et al., 2013; Featherstone et al., 2005; Gordon and Buckley, 2009; Hart et al., 2014; Harvey et al., 2014; Kelly et al., 2013; Lewis, 2011; Liaw et al., 2011; WehbeJanek et al., 2012) measured human factors or non-technical skills such as confidence, teamwork, leadership and communication, while one study measured the situational awareness of a team leader in a simulated patient deterioration scenario (Cooper et al., 2013) . Only two of the studies (Crofts et al., 2007; Sittner et al., 2009 ) measured retention of skills or knowledge.
Four of the studies measured the impact on care (activation and responses of RRS, quality of patient assessment and documentation of care) or the impact upon patient outcomes (patient length of stay, patient mortality and ICU admission rates) (Fuhrmann et al., 2009; Jones et al., 2006; Kinsman et al., 2012; Theilen et al., 2013) . Most studies were potentially reproducible based upon the descriptions of the methods, the settings were relevant to the aim and sampling methods appropriate to the aims of the study. Though the quality of the studies was overall quite high, 10 (Buckley and Gordon, 2011; Featherstone et al., 2005; Fuhrmann et al., 2009; Gordon and Buckley, 2009; Jones et al., 2006; Lewis, 2011; Ludikhuize et al., 2011; Smith and Poplett, 2004; Wehbe-Janek et al., 2012) were at medium risk of bias due to participant selection methods, participant attrition or potential for selective reporting.
All studies were appropriately undertaken in acute hospitals (15) or universities (9). The studies were predominantly carried out in the UK (7), the USA (6) and Australia (6). There was one Dutch and one Danish study and two were from the same author at Singapore's National University.
INSERT TABLES 1, 2 & 3 HERE

Discussion
The evidence supporting educational effectiveness in the recognition and management of the deteriorating patient and outcome measures used to evaluate educational effectiveness was determined by a systematic a search and analysis of all current relevant research evidence. This review identified that a third of the outcomes measured were based upon participants' personal perception of knowledge, skills and technical improvements, while just over a third of the studies measured actual improvement in knowledge, skills and technical performance. Though these traditional outcomes are often applied to the evaluation of educational interventions, there is evidence that knowledge tests and self-rated confidence do not necessarily predict improved clinical management of deteriorating patients (Liaw et al., 2012) . As such, the challenge is to demonstrate actual changes in behaviour that translates to sustained improvements in patient safety and quality patient care.
Two studies assessed the effectiveness of the education on measurable patient outcomes (Fuhrmann et al., 2009; Theilen et al., 2013) , while three investigated the impact upon the triggering arm of the RRS or clinician behaviour (Jones et al., 2006; Kinsman et al., 2012; Theilen et al., 2013) . Fuhrmann et al. (2009) attempted to associate measurable patient outcomes to the educational intervention. The study was not able to show any positive effect on patient mortality at 30 or 180 days as a result of educational intervention, nor was it able to improve nurses' awareness of the deteriorating patient. The authors pointed out that education alone did not alter patient outcomes when applied to a multi-faceted and complex organisation system such as a RSS (Fuhrmann et al., 2009 ). Fuhrmann et al. (2009 also suggested that it would be important to reevaluate the process and outcomes measured to include social behaviour and interaction. Measuring such outcomes was a common omission from the included studies. Social behaviour and organisational culture such as territorialism, professional resistance to change or hierarchy within the system have been described as potential barriers to the implementation of RRSs (Devita et al., 2006) . The impact that social behaviour and organisational culture has upon the both arms of a RRS is not well understood but there is emerging evidence that these complex interpersonal relationships and organisational factors can affect the triggering of and response to physiological deterioration (Fein et al.; Massey et al., 2014) . Given the complexity of these variables, it is not surprising that most studies did not include these in their design and outcome measures.
In addition to social behaviour and organisational culture, there are a number of other organisational factors (e.g. patient condition, workload, skill mix and time of day) that may affect the escalation of care that the deteriorating patient requires (DeVita and Hillman, 2006) . Where real world complications such as these are requisite when conducting simulation-based educational interventions (Cheng et al., 2014) , the inclusion of these experientially realistic factors into the training can present design challenges and outcome dilemmas. The benefits of including this level of experiential realism into the simulation need to be weighed against the potential disadvantages.
Augmenting simulated clinical situations with real world distractors can stimulate stress responses in intervention participants (DeMaria Jr et al., 2010) . The participant exposed to this type of high fidelity experiential realism can be at risk of reactive responses that rely upon learned behaviour at the expense of higher level critical thinking. On the other hand, this level of realism can support higher-level decision making, improvisation and long term learning benefits (Dieckmann et al., 2007) . In situ simulation is defined as simulation that takes place in the participants' actual clinical environment (e.g. the Emergency Department) and can help to overcome some of the challenges of incorporating the organisational culture and reality into the intervention (Miller et al., 2008) . In situ simulation was implemented by two of the included studies (Harvey et al., 2014; Theilen et al., 2013) . Various educational models were employed across educational interventions.
All interventions included traditional didactic classroom teaching. This traditional model was blended with combinations of paper-based scenarios without simulation, e-learning, case studies and simulation. Medium to high fidelity simulation was used in more than 87.5% of the educational interventions.
The use of simulation is an educational strategy that has been widely applied to traditional uniprofessional and interprofessional undergraduate preparation, postgraduate education and ongoing professional development (Crofts et al., 2006; Fuhrmann et al., 2009; Witt et al., 2010) . The review showed that simulation improves overall techniques and skills while medium to high fidelity simulation had additional benefits over low fidelity simulation. Knowledge and skill retention over time was one of the most encouraging outcomes of the Crofts et al. (2007) high fidelity simulation intervention.
Debrief and reflective review of participant video recorded performance was highly rated in one third of the simulated studies. This is a critically important element of the simulation process that requires further research to ensure the best standards of education (Neill and Wotton, 2011) .
Simulation is often viewed as expensive, resource intensive and time consuming to implement (Jansen et al., 2010) . While the mean duration of the educational interventions was just over eight hours, one of the most educationally effective simulation program was completed in forty minutes.
However, it is important to note that most simulation sessions were blended with other educational approaches, therefore the outcomes could not be attributed to simulation alone. All participants in both studies by Croft et al. (Crofts et al., 2006; Crofts et al., 2007) were given equal, pre-simulation education preparation. This ensured participant standardisation before their exposure to the high and low-fidelity simulation. Sittner et al. (2009) Teamwork and leadership development was also a highly valued feature of the simulation programs where debrief and reflective review were included.
Despite the rapid response system's reliance upon complex interprofessional interaction, less than a third of the education programs used an interprofessional learning approach. As such, there is a need for further development and evaluation of interprofessional educational programs to improve the effectiveness of recognising and managing patient deterioration.
Future research should also include studies that are designed to measure the impact of education on the quality of patient care. Attention should also be focussed upon measuring retention of skills and knowledge in the recognition and management of the deteriorating patient.
Limitations
The systematic review should be interpreted in the context of the following limitations. Other than a single randomised controlled trial (level I evidence), most of the studies were quasi-experimental, prospective, pre-postintervention studies that provide level III evidence or below (Council, 2000) . Given that the majority (21) of the included studies reported positive impacts upon learner, patient and organisational system outcomes, the findings of the review are also at risk of publication bias (Higgins and Altman, 2008) and/or reporting bias (Sterne et al., 2008) . There were, however, no studies excluded based upon the impact of the intervention on outcomes. Small participant sample size (M = 73) was also a limitation of the review. Finally, the use of indirect outcome measures (e.g. self-rated improvements in confidence) in some studies may not provide reliable statistical evidence regarding the efficacy of the intervention. However, the review provides educators who are designing education to support RRSs an appraisal of the evidence supporting educational effectiveness in the recognition and management of the deteriorating patient and the outcome measures used to evaluate educational effectiveness.
Conclusion
The available evidence supporting educational program effectiveness in the recognition and management of the deteriorating patient indicates that simulation improves overall techniques and skills while medium to high fidelity simulation has additional benefits over low fidelity simulation. There is evidence that high fidelity simulation does require a large amount of time and has demonstrated effectiveness when delivered in brief sessions as short as 40 minutes and that regular in situ simulation has demonstrated sustained effectiveness in the real world implementation of rapid response systems.
The outcome measures used to evaluate educational effectiveness in the recognition and management of the deteriorating patient comprise of indirect (perceptions of knowledge, skills, technical performance and confidence levels) and objective measures (e.g. pre-post-intervention) of knowledge, skills and non-technical performance. The impact upon RRS's triggering (afferent), and response (efferent) arms are also outcome measures that are used to measure the effectiveness of education supporting these systems.
Measurable patient outcomes such as patient mortality, ICU admission rates and patient length of stay have been used to measure the effectiveness of education but given the amount and complexity of uncontrolled variables these outcomes are difficult to equate with education alone. However, the quality of patient assessment and documentation of care can be used as an outcome measure to evaluate educational effectiveness in the recognition and management of the deteriorating patient. 
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